This article reconsiders the association between childhood arts participation and cognitive and developmental outcomes. Using data from a large, nationally representative sample with extensive covariates, we employ propensity score weighting to adjust comparisons of children who do and do not participate in arts education (music and performing arts lessons) to address potential confounding from selection into arts education. We examine a broad range of outcomes in adolescence and early adulthood (e.g., GPA, self-esteem, college attendance). Our results show that selection into arts education is at least as strong as any direct effect on outcomes, providing no support for the causal associations between arts participation and cognitive outcomes. We do find that arts education increases arts engagement during young adulthood.
Introduction
The literature on arts learning and children's intellectual development in both childhood and adolescence shows consistent positive associations (Hallam, 2010) . Of the arts, music education and participation is the most extensively studied and has the strongest associations (Southgate & E. MICHAEL FOSTER (deceased) , was a professor at the Department of Health Care Organization and Policy, University of Alabama at Birmingham. His work focused on policy issues related to children's development and on economic analysis of interventions and services for children with emotional and behavioral problems. This article is dedicated to his surviving wife and four children. JADE V. MARCUS JENKINS, assistant professor, School of Education, University of California, Irvine, 2052 Education, Irvine, CA 92697; e-mail: jvjenkin@uci.edu. Her work focuses on early childhood development and public policy. Roscigno, 2009) . Music is also the most universally offered form of arts education, available in more than 90% of public schools nationwide (Parsad & Spiegelman, 2012) . Creating music, especially at the professional level, is a highly complex task that engages multiple brain systems (Munte, Nager, Beiss, Schroeder, & Erne, 2003) . Some of these systems are also involved in aspects of learning, such as reading (Anvari, Trainor, Woodside, & Levy, 2002; Gardiner, Fox, Knowles, & Jeffrey, 1996; Magne, Schon, & Besson, 2006) .
An association between music and other arts education and cognitive development, therefore, is plausible. However, a key issue for public policy is whether this relationship is causal-that is, whether arts education actually improves learning and brain development. Efforts to expose more children to music, for example, at an early age presume such a relationship. Perhaps best known is the ''Mozart for Babies '' program. In 1998, then-Governor Zell Miller of Georgia allocated $105,000 to provide newborns with a classical music CD. The presumption was that listening to the music would permanently improve the child's cognitive development. This claim, however, was based on (only) an association between music exposure and child development.
But is the association causal? Will increasing exposure to music or other types of arts education improve key child development outcomes like math or reading achievement? The answer at this point is largely unknown. Existing research is at best speculative. It is accepted that music rests on underlying mathematical principles (Vaughn, 2000) , but whether exposure to music would improve children's understanding of these principles and application to more explicitly mathematical tasks is presumed but not demonstrated. The link between music education and spatial reasoning is among the strongest associations that researchers have documented (Hallam, 2010) . In addition, experimental (e.g., Greenfader, Brouillette, & Farkas, 2015; Moreno et al., 2009 ) and associational (e.g., Piro & Ortiz, 2009 ) studies also show a positive relationship between music education and language and reading skills. Yet meta-analyses of experimental studies of music education interventions highlight substantial limitations in that research, such as a failure to generalize findings between studies, and small sample sizes (Hetland, 2000; Southgate & Roscigno, 2009; Winner & Cooper, 2000) . Indeed, the body of empirical studies on the effects of arts education on child development outcomes such as language, reading, and math skills show a mix of positive and null findings (see Table 1 for more detail).
Moving from association to causal claims is always challenging. Methodological research indicates that doing so-outside of random assignment to treatment (e.g., music lessons)-always involves an assumption that cannot be formally tested. One such assumption of nonexperimental studies is ''exchangeability''-that the outcomes that children who do not participate in music lessons (i.e., untreated) would experience were they to take music lessons can be represented by the experiences of otherwise comparable children who do take music lessons (i.e., treated). In other words, the researcher assumes that the children being compared are similar in every way except their exposure to music lessons. In most instances this type of research-without an experimental control group-compares children who were and were not involved in the arts and adjusts that comparison for a limited set of child and family characteristics. In this case, one assumes that assignment to treatment is ignorable; there exist no systematic relationships between selecting into arts lessons and other observed or unobserved child or family characteristics (exchangeability holds). Any residual difference in outcomes between the two groups is described as the ''effect'' of music education.
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The principal threat to causal inference in this kind of analysis is that children exposed to arts education differ from ''otherwise comparable'' children in ways other than arts education. In that case, the adjusted association between arts education and developmental outcomes reflects the effect of the former as well as these other factors, known as confounders. Exchangeability assumes the list of confounders is complete. One can assess this assumption in light of the list of variables included in the analysis and what one knows from other research about the predictors of music education participation. To use an example from another area of research, researchers have long been interested in the effect of breastfeeding on a child's intelligence. That research involves comparing children who were and were not breastfed. Most of that research does not include the mother's IQ in the statistical adjustment. As a result, comparisons of children who were and were not breastfed does not involve otherwise comparable children-such comparisons confuse the effect of breastfeeding with that of mothers' IQ.
How plausible is the claim of exchangeability or no unobserved confounding in the literature on the effects of different types of arts education? To some extent, all researchers recognize the potential for confounding. With respect to music education, Hallam (2010) notes that ''one of the difficulties with this research, however, is that participating in musical activities may be related to other factors which promote academic attainment, for instance, having supportive parents and a home environment conducive to studying' ' (p. 277) . A recent study notes that ''without assessing social class variations, or controlling for other educational resources at children's disposal, conclusions regarding the impact of music participation are tentative at best'' (Southgate & Roscigno, 2009, p. 7) . Like other studies, however, comparisons of those who are and are not involved in arts education are very limited. Many authors do not account for socioeconomic status (SES) or, if they do, include a single measure of SES-one that combines family income, parental education and parental occupation. If among families with the same level of composite SES, differences in the constituent
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Foster and Jenkins characteristics (e.g., income) remain, the effects of these factors on child outcomes could very well be misattributed to arts education.
This article recognizes the potential for confounding from both family SES and from the child's own characteristics. Such self-selection seems intuitive-children with more natural abilities may be more successful at music and spend more time engaged in music education. The association between music education and mathematical or verbal reasoning may be two-way: The latter may cause as well as reflect the former. The same may be true for other types of arts education; children who exhibit more prosocial behavior or have higher perceptions of self-efficacy may be more likely to engage in the performing arts. Our analyses test for these associations.
This study examines the effect of children's music or performing arts education (defined as lessons) on their development. This issue seems to be one where an association is not enough. A causal estimate has a variety of policy implications; broader cognitive benefits strengthen the case for public support of arts education; schools might substitute instructional time in academic subjects with arts. Indeed, we were funded by the National Endowment for the Arts (NEA) to examine this issue specifically. The original request for applications indicated that there was a lot of evidence of some association, and the NEA commissioned us to determine whether this relationship was causal. This endeavor need not indicate that the value of arts education should be determined by whether or not it influences child outcomes; participation in the arts is culturally valued in and of itself, and engaging in these activities may promote positive youth development regardless of its influence (or lack thereof) on any cognitive domains (Chappell & Cahnmann-Taylor, 2013; Larson, 2000; Lerner, Dowling, & Anderson, 2003) . However, examining whether these associations are real is an important scientific question.
We reconsider the association between arts education and child development outcomes, improving on prior work in several ways. Our data come from a large, nationally representative dataset, the Panel Study of Income Dynamics Child Development Supplement. We developed our analysis plan to remove potential confounding-that is, to make the assumption of exchangeability as plausible as possible for these analyses. First, we selected a more extensive set of covariates than has been used in prior research. Second, we used improved methodology for adjusting comparisons of children who are and are not engaged in arts education for these covariates (propensity score weighting). In addition, we address missing data with multiple imputation methods to maximize the use of available data under plausible assumptions. We look at three different types of arts education exposures: lessons in musical arts, lessons in performing arts, and use of a musical instrument in the home. We examine the effects of these exposures on a broad range of outcomes in both adolescence and early
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Participation in Music and Performing Arts and Child Development adulthood including academic ability, self-esteem, high school completion, and future participation in the arts.
Background
Of the arts, music education is the most extensively studied. It is also the most universally offered form of arts education in public schools; national school survey data indicate that 94% of elementary schools and 91% of secondary schools offer opportunities for music education (Parsad & Spiegelman, 2012) . As reviewed in Hallam (2010) and Schellenberg (2011) , the literature documenting an association between music education and intelligence is substantial. Both reviews note that the associations between music training and cognitive abilities are quite general and extend across a wide variety of developmental domains. Because of this generality, it may not be surprising that the empirical research examining the relationship between arts education and key child development and achievement outcomes is equivocal.
Is There Evidence That Music Education Influences Children's Outcomes?
We summarize over 30 articles examining the relationship between music and development in Table 1 . Studies are grouped by their primary finding. The table makes clear that the causal effects of arts education (though the reviewed studies look primarily at music education) on outcomes such as language, reading, and math skills are ambiguous. Approximately one-third of the studies find positive effects, another third find no effects, and the remaining third produce mixed results. For instance, Southgate and Roscigno (2009) find that music lessons in school were predictive of math achievement for children, but not for adolescents. Schellenberg and Moreno (2010) find a positive relationship between music training and pitch processing, but not intelligence. Pitch processing is clearly a more proximal effect of music training, but intelligence would require much broader and persistent transfer of skills between music and cognition. Similarly, Bilhartz et al.'s (1999) experiment finds an association between students who received a music curriculum and improved spatial-temporal reasoning, but no effects on other measures of intelligence used in the study. A review of meta-analytic studies came to a similar conclusion: Some causal evidence may exist for the influence of the arts on very specific cognitive tasks, but for many developmental outcomes there is no reliable causal support (Hetland & Winner, 2001) .
A wide range of explanations exist for why music education should improve cognitive function including physical changes within the brain itself (for an excellent review, see Hallam, 2010) . Because speech and music share several neural processing systems, musical experiences may improve phonological awareness (Anvari et al., 2002) . For example, music can improve linguistic pitch processing and the sensory encoding of sound, which can affect language learning (Moreno et al., 2009; Patel, 2009; Wong, Skoe, Russo, Dees, & Kraus, 2007) . In turn, this improves perception of language, which can then transfer directly to early reading skills and reading comprehension (Anvari et al., 2002; Gardiner et al., 1996; Magne et al., 2006) .
Even if arts education did not impact academic performance per se, a large body of evidence in developmental psychology highlights the importance of involvement in the arts, and in constructed leisure activities more generally, in promoting positive youth development during adolescence and early adulthood (Eccles & Barber, 1999; Larson, 2000) . Activities like musical and performing arts help to structure a child's peer group, facilitate social relatedness, form identity, express talents, and achieve positive recognition, and may help steer adolescents away from risky behaviors like skipping school and using drugs (Barber, Eccles, & Stone, 2001; Eccles, Barber, Stone, & Hunt, 2003; Fredricks et al., 2002; Fredricks & Eccles, 2006; Mahoney, Cairns, & Farmer, 2003) . Engaging in an activity can facilitate one's intrinsic desire to learn, and this is associated with long-term overall well-being from continued engagement (Deci & Ryan, 2008; Larson, 2000; Lerner et al., 2003) . Researchers in this area posit that when children have a ''spark''-a passion for a self-identified interest or skill-this purpose and direction allows them to thrive and make positive contributions in community and civic life (Bobek, Zaff, Li, & Lerner, 2009; Lerner et al., 2005; Scales, Benson, & Roehlkepartain, 2011) . For these reasons alone, it is likely in the interest of public schools to offer educational opportunities in the arts.
Causal inference requires a balance between an understanding of the theoretical mechanism linking exposures to their effects and an understanding of the causes of the exposure itself. Our focus here is on the latter. We use the literature in this area to identify child and family characteristics that are potential confounders-factors that influence both the selection into the arts as well as the key developmental outcomes to which arts education is putatively related. Understanding the causes of exposure to arts education is the primary concern underlying economic theory, and these concerns about unobserved variables and causal relationships shape all subsequent empirical work in the present study (Becker & Tomes, 1994) .
Does the Existing Literature Provide Causal Estimates?
Recognizing potential confounding, existing studies generally employ regression to adjust for a set of observed factors. To interpret these adjusted associations as causal relationships, the list of covariates has to be complete, and there must be no confounding from unobserved variables. We could expect a range of variables to influence a family's choice to enroll a child in arts education: income, parent's ability and education, and child and community characteristics.
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In our summary of the literature in Table 1 , we assess whether prior research in this area adjusted for potential confounders. Looking at the covariates column, one can see that the analyses often include a meager set of controls, if any covariate adjustments are made at all. Confounding from unmeasured factors is clearly an issue with the prior research on arts education.
As noted, a prominent confounder suggested by economics involves the child's ability. Parents may make greater investments in children who are already more capable, or more capable children may be more motivated to participate in the arts. This possibility has also received attention from education and psychology researchers (Fitzpatrick, 2006; Kinney, 2010) . Indeed, Schellenberg (2011) argues that ''the vast bulk of the available literature can be explained simply: High-functioning children are more likely than other children to take music lessons, and to perform well on virtually any test they take' ' (p. 285 ). Yet reviewing the existing studies shows that children's ability measured prior to the exposure is rarely included in the analyses.
Many observable characteristics of children and families are associated with music participation. Indeed, nationally and regionally representative studies of high school students shows that children who participate in band, choir, and orchestra are primarily from higher SES backgrounds, are white and native English speakers, have the highest standardized test scores and GPAs, and their parents have advanced degrees (Eccles & Barber, 1999; Elpus & Abril, 2011; Feldman & Matjasko, 2007) . Moreover, these factors, especially SES and ability, predict student's persistence and success in musical arts (Corenblum & Marshall, 1998; Kinney, 2010; Klinedinst, 1991) , and are likely compounded by differential access to music education in public schools based on school-level SES (Parsad & Spiegelman, 2012; Winsler, Gara, Alegrado, Castro, & Tavassolie, 2016) . These factors are inextricably linked to children's achievement and well-being. Recently, Elpus (2013) provided the first empirical evidence that the observed test score advantages for music students was not due to music education but to selection bias.
Additionally, the unobserved characteristics of parents could confound the observed relationship between a given investment and children's outcomes. For example, some parents may be ''high-investing'' regardless of how they perceive their child's ability. In this case, the relationship between exposure to investments, like music, and children's academic success would be confounded by the unobserved characteristics of their parents. In line with the research on music lessons mentioned above, these children would perform well at many tasks because their parents created a strong and perhaps diverse child investment portfolio. This makes it quite challenging to identify the unique causal effect of any one investment (i.e., arts education).
This area of research in general-this article being no exception-suffers from technical problems as well. As described in Appendix A in the online version of the journal, the standard tool applied in this research, regression, suffers from limitations. Regression makes a set of assumptions
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Foster and Jenkins that have many benefits when examining a broad range of questions. However, if these assumptions are incorrect, the estimated effect of music education may be incorrect. For instance, regression assumes that all relationships are linear. As an example, an increase in SES from very low to low is presumed to have the same effect on outcomes as that from very high to higher still. Similarly, regression assumes the relationships between covariates and music participation are linear. To the extent this assumption is incorrect, the effect of music education is likely confounded: The regression model does not properly adjust comparisons for the covariates involved. Thus, the association between arts education and achievement can reflect not only confounding but also model misspecification. While these issues seem technical, they can easily create associations where no cause and effect relationship exists. The study methodology was designed to address these issues.
Methodology
Our study examines the effect of three different types of arts education exposures on a broad range of outcomes in both adolescence and early adulthood using a large, representative sample of children. The goal of our methodology is to remove potential confounding to obtain minimally biased estimates of the effect of arts education on development. We use an extensive set of covariates and address selection bias from family and child characteristics using propensity score weighting and address missing data with multiple imputation. Details are described below.
Data
The Panel Study of Income Dynamics (PSID) is a nationally representative household panel survey, collecting data since 1968. The original study contained a sample of 18,000 individuals living in 5,000 families in the United States. Data on these individuals and their descendants have been collected through successive waves and include extensive information related to health, occupation, income, education, and many other topics. This analysis relies on three components of the PSID: Main Family Interview, Child Development Supplement (CDS), and Transition Into Adulthood (TA). The PSID has maintained reasonable response rates over time. The representativeness of the CDS in particular has received extensive analyses, and the data included in the CDS and the TA studies represent the experiences of children ages 0 to 12 in 1997 (Hofferth, Davis-Kean, Davis, & Finkelstein, 1998) . Figure 1 describes the data files used in the analysis and the relationship among them. Appendix B in the online version of the journal provides a comprehensive list of the variables we use, variable description, the PSID question number(s) from which they were created and question wording, and references for each instrument and assessment.
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On a regular basis, one person per family is interviewed. Information is collected about each family member, but the most detail is collected on the heads of household. This component of the PSID has been conducted annually from 1968 through 1997, and biennially thereafter. Topics include employment, income, health, and education. We used the main interview data from 1997-2002 to capture information about the parents and family.
Child Development Supplement
The first CDS wave (CDS I) was implemented in 1997 when children were ages birth to 12 years, with follow-up interviews in 2002/2003 (CDS II) when children were ages 5 to 18, and 2007/2008 (CDS III; ages 10 to 19). Interviews were conducted with the child and the child's caregiver(s), absent parent, teacher, and school administrator. These data include information related to health and well-being, academic achievement, relationships, and time use. We used all three waves of the CDS data in the present study.
Transition Into Adulthood
This study interviews children from the CDS cohort who were between ages 18 and 24 at the start of the study in 2005, and biennially thereafter. This captures information about life changes and experiences during the transition to adulthood including time use, employment, income, education, and career goals. We used the 2007 TA data in this study.
Definition of Exposures
These analyses used children's arts exposure (or participation) at the second wave (CDS II) to predict child outcomes at the third wave (CDS 
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Foster and Jenkins III) and during the transition to adulthood (TA 2007), using covariates measured in the first and second waves (CDS I and II) and from the corresponding main interviews (1997 and 2002) . We defined three types of arts-related activity exposures: lessons in musical arts, lessons in performing arts, and use of a musical instrument in the home. Lessons in the arts exposures were defined by the CDS II parent interview questions with the primary caregiver (PCG) indicating the types of lessons in which the child was involved. We defined arts-related participation as taking lessons in one or more of the following: dance, drama, music-instrument, music-singing, music-not specified. We then combined these arts-related lessons into two categories in order to have adequate sample sizes for the outcome estimation procedures: lessons in dance or drama were grouped as performing arts, and the three types of music lessons were grouped as music.
Use of a musical instrument in the home was determined by the CDS II parent interview questions indicating whether there was an instrument in the family's home and the frequency of the instrument use by the child. We then defined the instrument exposure as three ordered categories: no instrument in the home, instrument in the home that is not used by the child, and instrument in the home that is used by the child (at least once per year).
2
Covariates
The primary goal of the analysis plan was to remove potential confounding-that is, to make the assumption of exchangeability as plausible as possible. We accomplished this in two ways. First, we selected a more extensive set of covariates than has been used in prior research, described below. The literature on causal inference offers some guidance for selecting covariates (Wooldridge, 2009) . In general, any potential confounders (variables that influence the outcome and the exposure) should be included. Implementing this principle, however, is less obvious than it might appear, especially when considering whether to add additional covariates above and beyond a core set that seems fairly obvious (e.g., family income). In considering additional covariates, the key issue is whether they are associated with the outcome and exposure within strata defined by the other covariates.
As discussed above, the choice of covariates in earlier research is limited, and some studies lack rather obvious confounders, like maternal education. Even holding all other aspects of the analyses constant, one would expect improved (or more plausible) estimates of the effect of the arts simply by using more comprehensive data. The PSID includes better measures of some covariates included in prior research. For example, earlier research generally includes some (crude) measure of parental SES. However, the PSID includes comprehensive measures of the family's income including child-specific expenditures, as well as measures of the family's assets, another indicator of economic resources. Other key potential confounders
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Participation in Music and Performing Arts and Child Development include parent IQ, parenting behaviors, and characteristics of the home as a learning environment. We selected covariates that capture the characteristics, behaviors and other factors that predicted participation in arts lessons after reviewing the prior research on arts involvement. This includes information about the child, the parents and the family/household, listed below.
Child. Child covariates included in the analyses are as follows: gender, number of siblings living with child, race/ethnicity, prior reading and math assessment scores, behavior problems, positive behaviors, ability self-concepts, low birthweight, repeated grade, involvement in other extracurricular activities, activity limitations, health conditions, vision or hearing impairments, and overall health status.
Parent and family. Parent and family covariates included in the analyses are as follows: family structure, IQ, years of education, work status, income, child-specific expenditures, assets, number of times child has changed schools, HOME scale score, family encourages hobbies, warmth towards child, communication with child, monitoring of child's activities, and involvement in child's school activities.
Outcomes
We examine two broad categories of outcomes: outcomes measured during adolescence in the CDS III, and outcomes measured during early adulthood. The CDS III outcomes we examined were as follows. The Woodcock Johnson Revised Test of Achievement measures child achievement in reading and math using three subtests (Letter-Word, Passage Comprehension, and Applied Problems). The Letter-Word and Passage Comprehension scores were also combined to make a broad reading score. The Wechsler Intelligence Scales for Children (WISC) Digit Span measures short-term working memory. The Behavior Problems Index measures the incidence and severity of child behavior problems including externalizing or aggressive behavior and internalizing or withdrawn behavior as reported by the PCG. The Positive Behaviors Scale measures positive aspects of children's lives including social competence, self-control, self-esteem, obedience, and persistence as reported by the PCG. Ability Self-Concept scales measure the child's perception of ''self'' in relation to their perceived ability in a particular domain. The three domains/ subscales were Math, Reading, and Global (whole self).
A second set of analyses examined the effect of lessons in arts education on outcomes in early adulthood using the 2007 wave of the TA study: participation in arts activities; frequency of participation in arts activities (e.g., once a month, several times a week); high school completion; high school GPA; earnings (total annualized earnings in thousands of dollars for all jobs reported by participant that occurred during the prior calendar year [2006] ).
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Missing Data
The study maintained high rates of follow-up across the three waves of the CDS. The 1997 CDS-I successfully completed interviews with 2,394 families, providing information on 3,563 children. In 2002-2003, CDS recontacted families in CDS-I who remained active in the PSID panel as of 2001. CDS-II successfully reinterviewed 2,019 families (91%) who provided data on 2,907 children and adolescents aged 5 to 18 years. These 2,907 individuals are the individuals who contribute to our analyses. Some of these individuals did not participate in the first wave of the CDS (but had been eligible); others did not participate in the 2007-2008 data collection. Individuals who did not participate in CDS-II were not included in the analysis; these individuals lacked the key measures of arts participation. For that reason, we used the sampling weights from the CDS-II to make the data representative of the original 1997 population (which correct for any unrepresentativeness in the data involving key demographic characteristics due to attrition). Of the 2,907 individuals, 963 participated in the TA study; the remainder participated in the CDS-III. The two groups are the sample sizes for the analysis of child development and young adult outcomes, respectively. We handle individuals lost to follow-up and cases lacking information on required variables through multiple imputation as discussed below.
Structure of Analysis
Our analyses proceeded in a series of steps. The first step involved imputing missing values for incomplete observations. The second step involved estimating statistical models predicting exposure to arts education. The third step involved calculating the predicted probability of exposure (the propensity score) and the inverse probability of treatment (IPT) weights; finally, we conducted weighted analyses of the multiply imputed data.
Step 1. Address Missing Data Using Multiple Imputation Multiple imputation has advantages over common methods for handling missing data in longitudinal studies, such as complete-case analysis. Analyses of multiply imputed (MI) data proceeds in two steps. The first involves filling in a statistical prediction for the missing data based on the values of variables for which data are available. The imputation model assumes the data are ''missing at random,'' meaning that those that did and did not participate in the study can differ in terms of the observed covariates (Allison, 2002; Little & Rubin, 2002) . However, conditional on those covariates, the values of those who participated must be representative of all individuals with that profile of covariates. Analysis of complete cases makes this same assumption. The advantage of MI is that it allows one to include observations, such as those individuals who participated in two of the three waves of data collection, which can improve the precision of parameter estimates.
The second step involves obtaining an estimate of key parameters from imputation-specific analyses using ''Rubin's rules'' (Little & Rubin, 2002; Schafer, 1997 Schafer, , 1999 . One performs separate analyses for each of the imputed datasets, and then the imputation-specific parameter estimates are averaged together. One then calculates the variance for the overall estimate using the imputation-specific variances plus a ''penalty'' that reflects variation across the imputations. The latter reflects the fact that we do not observe the missing data (by definition); the penalty increases the standard error of the estimate to reflect this uncertainty. The key is that this increase is smaller than what occurs when incomplete cases are dropped from the analysis entirely. We performed each of the follow-up steps six times, once for each imputation.
Step 2. Estimate Models Predicting Lessons in the Arts and Calculate Propensity Scores
The propensity score is the predicted probability of exposure given a unit's profile of covariates. One can calculate the propensity score using any method that predicts exposure using the covariates. We performed logistic regression on a dichotomous indicator (yes-no) of arts participation, thereby predicting a child's ''propensity'' for arts participation. One typically assumes that this proclivity to participate (Y*) is a function of the determinants of characteristics, behaviors, and the costs of participation, some of which are unobserved. The latter is represented by 2, which is assumed distributed according to the negative extreme value distribution. One can write the probability of participation as follows:
where X is an N 3 K matrix of the K covariates and B is the K 3 1 vector of corresponding coefficients. Logistic regression produces maximumlikelihood estimates of the latter.
Having estimated the coefficients of that model, one can generate the predicted probability of exposure using the model estimates. It is calculated using the above formula with B replaced by the parameter estimates. For music exposure, the propensity score represents the predicted probability of taking lessons or playing an instrument at home. We have a separate propensity score for the three exposures. They differ to the extent that each exposure relates to the covariates differently. For example, an individual observation might have a propensity score of 50%. Of the individuals with the same propensity score, some will actually participate and others will not. Of those with a propensity score of 50%, for example, half will participate and half will not. The essence of the method is to compare individuals with the same propensity score who do and do not participate. The intuition is that those individuals with the same propensity score are all else equal. This is the exchangeability assumption in this context, and it is important to remember that the propensity score depends on the same fundamental assumption as ordinary regression (i.e., no unobserved confounding, or ignorability). The principal advantage of the propensity score is that it summarizes the covariates effectively-that is, matching cases with the same propensity score is as effective in removing confounding as working with all the covariates that were used to create the propensity score. This convenience facilitates checking key model assumptions on which regression rests. One would expect carefully done regression to produce the same results as analyses based on the propensity score.
Step 3. Calculate IPT Weights One can use the propensity score to adjust comparisons of two groups for confounders in several ways, such as matching. Our analyses involve a particularly intuitive form, the inverse probability of treatment (IPT) weights. The weights are a transformation of the propensity score (Cole & Hernán, 2008) . The IPT weight is one over the probability that the exposure was actually experienced. For the arts participants, the IPT weight is one over the propensity score; for nonparticipants, it is one over one minus the propensity score. (One minus the propensity score is the probability of not being treated.) Analyses using these weights essentially correspond to analyses of a pseudo-population in which exposure and the covariates are unrelated. In other words, these weights allow one to use the sample data to represent a hypothetical population where there is no confounding-where the distribution of the covariates is the same for those who are and are not taking lessons in the arts.
3 When weighted, one can compare the two groups using simple statistical tests. This includes assessing key assumptions that are important for both regression and propensity scorebased analyses but not readily apparent in the former, namely, checking covariate balance and support (Caliendo & Kopeinig, 2008) .
Step 4. Conduct Weighted Analyses of Multiply Imputed Data
In the fourth step of the analysis, we conducted statistical analyses involving the IPT-weighted data. These tests represent comparisons of means for continuous outcomes and differences in the predicted probability of the outcome for categorical outcomes, such as participation in the arts in young adulthood.
Results
This section includes both descriptive and analytic results. First, we describe our analysis sample and their exposure to arts education after conducting multiple imputation, defined as lessons in musical arts or performing arts (dance or drama). We then discuss the predictors of participation in both types of lessons as the first step of the propensity score analyses. Finally, we present our main analytic results that examine the relationship between lessons in the arts and playing an instrument in the home and key developmental outcomes during childhood, adolescence, and young adulthood.
Describing the Sample
Our analyses involve all 2,907 children participating in the second wave of data collection, including those who did not participate in the third wave. Of these cases, 1,944 contribute at least some data to the outcome analysis for children ages 12 and under at the start of the study. A total of 963 individuals (ages 11 to 14 at study baseline) contributed at least some data to the analysis of young adult outcomes reported in the TA component of the study.
Analyses of the raw data confirm that listwise deletion would have reduced the sample size dramatically. The vast majority of observations in the analysis of the child development outcomes had missing data for one or more variables. To some extent, this reflects the large number of variables used in the analysis and features of the measures used. For example, a substantial portion (64%) of the sample lacked the Passage Comprehension measure we used as a covariate. Much of this missingness is accounted for by the child's age: Four of five observations lacking this measure were ineligible in the first wave because they were age six and younger. Nonetheless, about one in four older children were lacking this measure as well. Tables 2a and 2b provide descriptive data on the multiply imputed data used for the analyses for those individuals ages 19 and under in 2007. Appendix Tables C.1 and C.2 in the online version of the journal focus on the data used in the analyses of outcomes in young adulthood (.19 in 2007) . Each table provides descriptive data on the outcomes and then on the covariates. The tables disaggregate the data by participation in music lessons and performing arts lessons, respectively. Panel A in each table provides the means and standard deviations (SD) for those participating; Panel B, for those not participating. Panel C describes the sample as a whole. One can compare Panels A and B to see raw, unadjusted differences between those who do and do not participate. These associations reveal the potential confounders that might create spurious relationships between 420 arts participation and outcomes. The last column provides the p-value for the between-group comparison.
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Participation in Music Lessons and Child Development Outcomes
First looking at Table 2a , one can see that 22% of the sample of individuals used in the analysis of child development outcomes (Section I of Table  2a ) participated in music lessons. The first section provides information on the key outcomes for these children, differentiating them according to whether they participated in music lessons. These figures are quite consistent with prior research: One sees many associations between music participation and improved outcomes. For 5 of the 10 outcomes, children in music lessons scored better, for example, higher on the Letter-Word score and lower on the behavior problems index. One can see, however, that some outcomes were not (even) associated with participation (e.g., global selfconcept). In terms of practical magnitude, the differences involved are rather small. In the second panel of the table (Section II), similar data are presented for the covariates identified as potential confounders. One can see that many of these are associated with participation in music lessons. For example, 44% of participants are male compared with 52% of nonparticipants. Simple comparisons of participants and nonparticipants of course reflect both gender differences and the effect of music participation per se. This section also provides information on 1997 characteristics of the child. Many of these are earlier measurements of the variables treated as outcomes in 2007. Children engaged in music lessons differed from other children at other time points. Consider behavior problems-children participating in music lessons in 2002 scored 2.55 points lower on this measure in 1997 (i.e., before music lessons were observed). This difference is actually larger than that observed in 2007-after music participation was measured. Baseline characteristics predict future music lessons participation even when the reverse is not true (i.e., music lessons do not predict future achievement). Global self-concept predicts participation, but participation does not predict the same concept subsequently. All of these associations are very modest.
Family demographics also strongly predict participation. Children from single-parent families are underrepresented among participants. Nineteen percent of children taking lessons live in single-parent families; this is substantially less than that for nonparticipants (32%; p \ .01). In particular, the detailed household financial variables including the amount of family Participation in Music and Performing Arts and Child Development assets and total child-related expenditures predicted participation in music lessons. In general, every family characteristic points toward the social advantages of children participating in music lessons. Table 2b differs from Table 2a in that figures are disaggregated by participation in lessons in performance arts rather than music lessons. Twelve percent of the sample participated in such lessons. The pattern across outcomes is very similar to that for music participation. In terms of the Foster and Jenkins predictors of participation, perhaps most striking is the increased gender imbalance. Only 19% of those participating in lessons in the performing arts are male. While not surprising, these and other anticipated relationships confirm the quality of our measures of participation.
Participation in Performing Arts Lessons and Child Development Outcomes
This section of the table also shows that baseline measures of the outcomes do not predict lessons in performance arts. The pattern across other child characteristics is also very similar. For example, there appears to be no differences between children who participate in performing arts lessons and children who do not participate in terms of birthweight (low or normal), chronic health conditions, and participation in sports. However, some key child characteristics such as parent reported child health, participation in community groups, and having repeated a grade predicted performing arts participation. As with the music participation figures shown in Table 1 , every family demographic characteristic (e.g., assets, income, parent years of education) is positively associated with children's participation in performing arts lessons.
Predictors of Participation in the TA Sample
Appendices C.1 and C.2 in the online version of the journal present similar figures for the smaller sample of older children participating in the TA survey. We provide these figures for completeness, but one would anticipate that the relationships would be very similar. The two sets of figures should only differ to the degree that the predictors of participation changed as children age. They are in fact very similar. As with the child development sample data shown in Tables 2a and 2b , the children's baseline outcome scores and other characteristics were not predictive of the early adulthood outcomes. Likewise, many of the family characteristics and parenting behavior measures were positively associated with participation in both music and performing arts lessons for the young adulthood sample.
Calculating the Propensity Scores
Appendix D in the online version of the journal presents the results of the logistic regression used to calculate the propensity scores. Coefficient estimates are presented as marginal effects-the effect of the covariate on the predicted probability of participation holding the other covariates constant at sample means. These estimates show that a range of factors are significant, independent predictors of participation. As happens with multiple regression, these adjusted differences can be the reverse of unadjusted differences. For example, African American children are 7.3 percentage points less likely to participate in music lessons in the unadjusted sample. Adjusting for the other variables, African American children are 10.5 percentage points more likely to participate, all else equal. This reversal of direction demonstrates the strength of the other covariates in predicting participation and of their covariation with Participation in Music and Performing Arts and Child Development race and ethnicity. In particular, the unadjusted racial difference reflects the overrepresentation of children of color in strata (defined by SES and other characteristics) where participation is lower. Within those strata, however, children of color appear more likely to participate.
Of the socioeconomic measures, family income is the most strongly predictive. That relationship is curvilinear-income increases the likelihood of music participation but the effect of added income drops at higher levels of income. The parents of children who participate in both music and performing arts also have higher IQ scores, more years of education and family assets, and also tend to spend more on their children. Some of the other family and parental characteristics predict participation as well. The Home Observation for Measurement of the Environment Inventory (HOME) score is a very strong predictor of participation in both music and performing arts lessons. The HOME score is frequently used in child development research as an overall assessment of the quality of cognitive stimulation and the emotional support that the child receives from the family, measured using both parent-report and observational items.
Thus, children whose families are more supportive of their child and encourage learning activities at home are more likely to be involved in other learning activities, such as arts education. Furthermore, several other indicators of parental involvement in the child's daily life (e.g., attending school events, knowing child's friends) also predicted participation. Not surprisingly, having a musical instrument in the home was a strong predictor of participation in music lessons; children who have a musical instrument in the home were 18 percentage points more likely to have participated in music lessons.
Several of the child's baseline measures on the cognitive outcomes are significant. Some of these are not significant, and one explanation is multicollinearity among the measures-because they are correlated, distinguishing the distinct contribution of each measure is difficult. In some types of analyses, this issue would represent a problem-for example, if one were truly interested in whether reading skills was more predictive of participation in arts education than, say, math skills. However, in the case at hand, we are most interested in obtaining the best estimate of the effect of participation itself and want to remove any confounding by other variables, regardless of whether the confounding is created by math or reading skills.
Outcome Analyses
The ''Effect'' of Lessons in Musical Arts on Child Development Outcomes Table 3a shows the propensity score weighted estimate of the effect of lessons on key outcomes observed in the 2007 wave of the Child Development Survey. None of the effects are statistically significant-none Table 3a Effects of are more than 1.65 standard errors from zero. The lack of statistical significance reflects both the small practical magnitude of the relationships as well as the loss of statistical precision. The latter refers to the fact that the standard errors are larger than those in unadjusted analyses. Incorporating the propensity score weights inflated standard errors generally by about 50%. All in all, assuming exchangeability and including the broader array of covariates, lessons in musical arts do not influence future child development outcomes. Returning to Figure 2 , one can see the importance of adjustment for confounding-the figure shows the effect size for the adjusted and unadjusted between-group differences. Two things are striking about the figure. First, the unadjusted differences were consistent yet small. Cohen (1988) defined effect sizes of no larger than .20 SDs as ''small''; otherwise less than .50 as ''medium''. Secondly, there remain no differences between musical arts participants and nonparticipants after adjusting for observed confounding (i.e., using the IPT weights).
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The ''Effect'' of Lessons in Performance Arts on Child Development Outcomes
As with musical arts, the data (Table 3) show no relationship between performance arts and child development outcomes. The effects are significant in neither the practical nor the statistical sense.
The ''Effect'' of Lessons in Musical Arts on Outcomes in Young Adulthood Table 3b presents the effect of arts lessons on outcomes in early adulthood. Note that high school graduation and participation in the arts are dichotomous outcomes, and the data present the marginal effect calculated using logistic regression. The coefficient represents the effect of music lessons on the probability of completing high school and of participating in The results in Table 3b indicate that children who participate in performing arts lessons in mid-childhood are 26 percentage points more likely to participate in the arts in young adulthood. They are also more likely to participate more frequently.
The effect on high school graduation is not reported because 100% of those individuals in the data who participated in lessons in performance arts finished high school. When we examine this descriptively, however, the weighted percentage of those finishing high school is 10 percentage points higher among those students taking performing arts (p \ .01).
The ''Effect'' of Using an Instrument in the Home on Child Development Outcomes
In supplemental analyses, we considered an added exposure, ''playing an instrument in the home.'' To reiterate, we defined the instrument exposure as three ordered categories: no instrument in the home, instrument in the home that is not used by the child, and instrument in the home that is used by the child (at least once per year). The coefficients in Table 3a would therefore be interpreted with respect to the reference category, having an instrument in the home that is not played by the child. However, none of the effects for these models were significant, meaning that there are no significant differences in late childhood schooling and behavioral outcomes between children who experienced different levels of the instrument exposure in mid-childhood.
Discussion
Using nationally representative data, our analyses provide little support for the notion that the well-documented associations between arts participation and development in childhood and beyond reflect the effect of the former per se. These results suggest that the prior research in this area apparently fail to account for the range of confounding factors that influence both child outcomes and arts participation. A strength of data like the PSID is that it includes a broad array of key family measures, including multiple measures of the family's resources, information about parenting (e.g., parent
Participation in Music and Performing Arts and Child Development discusses interests with child, parent knows child's friends, etc.) and relatively objective assessments of the home learning environment (i.e., HOME score). These measures are strong predictors of child outcomes in the child development literature at large. Including them here has protected our results from confounding, and consequently, eliminated any associations between arts participation and a broad array of cognitive and behavioral outcomes.
As noted, earlier studies include rather crude measures of SES. Our analyses incorporate a multiyear comprehensive measure of family income reported at the time lessons in the arts or playing an instrument in the home was recorded. Of the socioeconomic measures, family income was the most strongly predictive of children's participation in arts education. The parents of children who participate in both music and performing arts also have higher IQ scores, more years of education and family assets and also tend to spend more on their children. Indeed, enrolling one's child in arts lessons characterize ''concerted cultivation''; parenting styles of middleand upper-income parents that involve organized activities and other structured investments in children's development (Lareau, 2003) . As noted, after adjusting for family factors, we found no associations between participating in arts lessons and children's development. These findings are consistent with some of the work in this area that shows that once family SES is included, measures of concerted cultivation activities do not strongly influence child development (Bodovski & Farkas, 2008; Cheadle, 2008) .
We also found that children's characteristics confound the effects of arts participation. Prior cognitive outcomes and performance predict arts participation and subsequent outcomes. The strength of these associations is troubling. Arts participation may be yet another advantage enjoyed by these children. If arts participation produces better outcomes, it builds on the child's prior success. In this way, arts education may reinforce inequality generated by child-and family-level advantages.
Some of the research on the effects of music education suggest that music participation improves children's self-esteem, self-efficacy, and overall self-perception, and these positive attitudes can increase the student's motivation for all curricular and extracurricular endeavors, such as studying (Hallam, 2010) . For these reasons, we included ability and global selfconcept measures in our analyses as both predictor variables and also as outcomes themselves in the CDS III. Looking at the descriptive statistics in Tables 2a and 2b , one can see that while arts participants have higher selfconcept scores (reading, math, global) compared to nonparticipants in 2007, they had lower scores in these measures in the preexposure period, 1997, suggesting that participants had improved in these measures over time. Our analyses tested whether this relationship was indeed caused by lessons in arts education. However, we did not find any significant adjusted relationships between these measures and arts participation.
On the other hand, we did find that when children participate in arts education they are more likely to be engaged in the arts as young adults. This is an important finding because engagement in some type of activity or interest in young adulthood is associated with performance, persistence, and overall well-being across life stages (Fredricks & Eccles, 2006; Ryan & Deci, 2000) . Indeed, Lerner (2003) notes that ''a young person may be said to be thriving, then, if he or she is involved across time in such healthy, positive relations with his or her community . marked by making culturally valued contributions to self, others, and institutions'' (p. 173). Though arts education may not influence GPA, our findings do support the idea that engagement in the arts begets engagement in the arts, and this is a culturally valued activity indicative of well-being in adulthood.
Relatedly, some research has documented benefits to those participating in group arts activities. This type of experience builds social confidence, social networks, self-esteem, and sense of belonging (Eccles & Barber, 1999; Eccles et al., 2003; Hallam & Prince, 2000; Sward, 1989) . We did not have that type of detail of the arts exposure in this study, but this certainly can be explored in future research. However, this more refined measurement of arts exposure would further complicate causal inference as discussed below.
Note that our analyses incorporate preferred methodology for dealing with the challenges inherent to this type of research. One of these includes the use of propensity scores rather than ordinary regression. However, it is important to recognize that propensity scores and regression both rest on the same key assumption-exchangeability. Furthermore, many of the problems with regression could be addressed through better empirical practice, including (a) checking the support of the covariates to make sure they overlap sufficiently, (b) checking functional form, and (c) checking for outliers. A regression analysis that attended to these issues carefully would likely produce results like those reported here. In that light, the key contribution of this article may be simple: We analyzed data that offered a rich set of covariates and we used them.
The principal limitation of our analysis is the possibility of unobserved confounding. Such confounding does not always produce associations that are larger than the true causal effect. In our case, the lack of significant effects-when substantial associations exist-still may reflect unobserved confounding. In this case, one would have to believe that children who participate in music lessons are more disadvantaged than other children within the strata defined by the covariates (i.e., all else equal). That possibility seems implausible in light of how strongly higher income and other advantages predict involvement. Nonetheless, such confounding is possible.
Another explanation for a lack of adjusted (causal) relationships is that reports of music or performing arts participation or outcomes are not accurate. It is reassuring, then, to see that our results document the associations Participation in Music and Performing Arts and Child Development that are present in other research. These associations suggest that key constructs are measured accurately.
Another possibility is that the exposure to the arts is defined too broadly. Children taking music lessons include many children that may neither persist in those lessons over time nor be truly engaged more generally (e.g., practicing very little). The subset of children who actually do so may benefit, and the inclusion of these low participants may ''water down'' the true benefits of higher participation. The issue of how broadly to define an exposure is a common challenge in causal inference. For example, whether children participate in lessons (at all) reflects the choice to start lessons (only). Children who participate over time are distinguished by a decision about whether to continue. As a behavior is defined more narrowly, those who engage in that behavior are increasingly self-selected; the more narrow the behavior or exposure, the more choices are involved. Each of these decisions provides an opportunity for unobserved confounding to occur. Finding a group of children who are comparable to those who participate in arts lessons is difficult; finding a group comparable to those who participate a great deal is more challenging still.
Though our study included a comprehensive set of child development outcomes, other unexamined benefits of arts lessons may still exist. For example, education leaders from Organization of Economic Cooperation and Development (OECD) countries have recently shown an interest in understanding the ''collateral'' benefits of arts education in promoting economic development. They argue that the arts foster innovation and entrepreneurship through the opportunity to think creatively and work collaboratively without the existence of a right or wrong answer (Winner, Goldstein, & Vincent-Lancrin, 2013) . Because innovation is viewed as central to economic growth, they consider the cultivation of these skills as central to a 21st-century education. While these undocumented relationships remain a possibility, innovation and entrepreneurship were not measured in our study. Furthermore, these factors are difficult to measure and separate from other outcomes (like those included in our study).
Implications for Future Research and Data Collection
These analyses highlight the value of good measurement and large samples found in large, national datasets and the importance of capturing of possible confounders in future research. Our analyses incorporate a multiyear comprehensive measure of family income reported at the time that children were exposed to lessons in the arts or were playing an instrument in the home. As noted, other studies employ a rather limited range of covariates, and as a result, these studies likely confound the effect of arts education with other advantages these children enjoy. Furthermore, many of the studies of arts education involve small selective samples.
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On the other hand, large national studies address many topics, and the depth of measurement for any specific topic may be lacking. As discussed above, such is the case with the definition of arts education in the PSID. The measure of arts exposure in this dataset lacks, for example, any indication of the level or extent of participation. While understanding the effects of a more extensive or refined definition of arts education raises causal challenges, the starting point for such analyses is understanding these processes. To do so, one needs measures differentiating children by their level of participation. Analyses of such data would require samples large enough to provide meaningful numbers of children at each level of participation. Only large, national datasets are likely to provide such numbers. Furthermore, our analyses suggest that children who do and do not participate in the arts differ in many ways, thus longitudinal data are essential. One can see that past measures of achievement predict arts participation, and it is likely that children at different levels of involvement are as differentiated. The relationship between achievement and music education and exposure likely unfolds over time.
In that sense, the PSID represents a promising start, and the benefits of adding indicators of arts education are apparent. The shallowness of that measurement, however, limits the potential for further exploration of these data. As the participants now have aged into early adulthood, the window for measuring arts involvement has closed. However, other studies of young children might include better and more detailed measures of arts participation. Studies such as the Early Childhood Longitudinal Study offer the potential for further, future explorations of the link between arts education and children's outcomes. Because some emerging work has found benefits of arts education on the oral language development for students with limited English proficiency (Chappell & Cahnmann-Taylor, 2013; Greenfader et al., 2015) , future research should consider this potentially important subpopulation. Analyses of data that capture student's entrepreneurial and innovative abilities, suggested by the OECD as a potential benefit of arts education, will also be relevant to the policy discussions surrounding public investments in arts education. Southgate and Roscigno (2009) report that 93% of Americans believe that a well-rounded education includes music education. Our analyses need not weaken public support for music education. What it does do is weaken efforts to bolster support for arts education by linking it to benefits outside of the arts, including test scores. Such efforts are well intentioned, and if such benefits existed, it would move discussions away from the inherent value of the arts and toward more ''tangible'' benefits. What these analyses suggest, however, is that public discussions of the value of the arts cannot avoid the issue of ''values'' per se through a linkage to test scores and measures of a child's achievement. The arts have been embedded in Participation in Music and Performing Arts and Child Development the human experience since our first societies, and they will remain to be embedded in our life and culture regardless of their impact on student learning (Winner et al., 2013) .
Conclusion
A range of studies reveal an association between quality of life and the arts, and other studies reveal substantial public willingness to pay for the arts. Indeed, we found that students who participated in the arts as a child or adolescent were more likely to participate in the arts as a young adult. These figures imply support for arts education-the availability of dancers and musicians in the future depends on their training now. If policy makers believe that such activities have broader social benefits, then lessons for children and youth today represent an investment in the nation's cultural capital.
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1 As discussed in Foster (2010) , many papers include a standard disclaimer in the discussion, reminding that the article reveals an association only. In these instances, authors never explain why such an association is of much interest and proceed to give their findings a causal interpretation. For example, Wetter et al. (2009) summarize their findings as ''Musical training evidently correlates with children's better performance at school, but is obviously part of a multifactorial dependence. Continuous musical training appears to help achieve and maintain school performance at a high level over time.'' If the first statement is correct, then their results cannot be interpreted as implying the second.
2 While the CDS included arts-related interview questions in all three waves, the question about child participation in extracurricular activities or lessons in the arts in the first wave could not support our definition of arts exposure. This is because the question did not have the parent identify whether the activity in which the child participated fell under the category of arts, sports, or community organizations. We could not explicitly identify arts exposure and therefore did not examine the effects of arts exposure in the early-to mid-childhood time period.
3 This is equivalent to sampling weights commonly used in studies to make a sample representative of a population (Thompson, 1992) . Individuals who are underrepresented in a group are ''weighted up'' (their experience is counted multiple times in calculating sample characteristics). 4 Another way of expressing this is that an effect size of .20 is equivalent to moving an individual on a scale from the 50th percentile to the 57th percentile. (This 7-point increase corresponds to moving from the mean of a normally distributed variable to a z score of 1.20.) An effect size of .5 would correspond to a movement from the mean to the 69th percentile.
